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1 EXECUTIVE SUMMARY

AQUAREHAB is an EU finance@aesh project (FP7) that started May 1st 2009 with 19 project
partners. The overall quality status of fresh water resources is determined by (1) the kind and
guantity of contaminants that are released in the water system and (2) the migration of the
pollutants (via groundwater and ruoff) towards different rivers, lakes, and seas. The migration
of pollutants towards vulnerable receptors (drinkimgter reserves in the subsurface, surface
waters, water wells) is of particular concern. Within the AQUARKEIH#&Ct, different innovative
rehabilitation technologies for soil, groundwater and surface water were studied to cope with a
number of priority contaminants (nitrates, pesticides, chlorinated compounds, aromatic
O2YLRdzy RaX YAESR Liyfddgduled BatersysiemssMethéds were il&bloratdd

to determine the (longerm) impact of the innovative rehabilitation technologies on the reduction

of the influx of these priority pollutants towards the receptor. Efforts were made to connect the
innovative technologies and river basin management. A diverse set of results was obtairiell

may be relevant for national and local water managers, planners and other stakeholders (drinking
water companies, industry, agriculture, recreation and nature corsem), to revive highly
polluted areas. The main outcomes of the AQUAREHAB project are sweunarFigurel and
described below
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Figurel. Overview of AQUAREHAB outputmore details are availablat aquarehab.vito.be
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2 A SUMMARY DESCRIPTION OF PROJECT CONTEXT AND OBJECTIVES

Fresh water resources consist of surface water and groundwater. Water utilisation is influenced by
water quality, whether it be for drinking, industrial, recreational or irrigatgurposes. The overall
quality status of fresh water resources is determined by (1) the kind and quantity of contaminants
that are released in the water system by a variety of inputs, being either diffuse or point sources
and (2) the migration of the paitants (via groundwater and ruoff) towards different rivers,
lakes, and seas. The migration of pollutants towards vulnerable receptors (drin&ieg
reserves in the subsurface, surface waters, water wells) is of particular concern.

Currently, rehabitation technologies that intend (1) to remove source zones or (2) to prevent
further migration of the pollutants intground and surface waters, are mostly not addressing the
impact of the remedial action on the whole water system. This méke#tegration of remedial
actions and needs into river basin management difficult.

AQUAREHAB is an EU financed large scale research project (FP7) that started May 1st 2009 with 19
project partners The AQUAREHAB consortiwarked together on the project for 56 muths

(2013). Within this project, different innovative rehabilitation technologies for soil, groundwater

and surface watemwere developed to cope with a number of priority contaminants (nitrates,
pesticides, chlorinated compounds, aromatic compounds, RixelLJ2 f f dzG A2y A X0 6 A
degraded water systems. Methodgere developed to determine the (lonterm) impact of the
innovative rehabilitation technologies on the reduction of the influx of these pollutaoftsyhich

some are on the list of priority ssbances,towards the receptor. Possible connections and
barriersbetween the innovative technologies dmiver basin management were evaluate8ome
targetoutcomes of the projecivere (1) generic guidelines for the use & design of the technologies

and (2) a generic river basin management tool that integrates multiple measures with ecological
and economic impact assessments of the whole water system.

In a first stage of the project (year3), the technologies andpproaches fointegration of their
impact in river basin managementere developedlinked to contaminated areas three different
river basins (Denmark, Israel, Belgium), representing differentiscgée complex problems

The Odense river basifbenmark). The Odense river basin is sitdas the island of Funen,
Denmark Figure2). The catchment is draining a land area of approximately 1.109 aad
includes 1.100 km streams and 2600 lakes and larger ponds. Agriculture is dominating the land use
(1/3 of the catchment), but also grasslands and forests are represented (1/4 of the catchment).
Other 6% are covered by mires, freshwater and costal meadows. The Odense River is the final
receptor in the basin. The Odense River is heavily impacted by lgmécand receives nitrate and
pesticides from adjacent groundwater bodies and atmosphere. The Odense river basin has several
re-established wetlands and a comprehensive amount of data is avaiteldéed to wetland
restoration(Funen County 2003).

Seche-Besor Basiffisrael). The groundwater within the chalk aquitard in the BeSswher Basin

at the northern Negev is heavily contaminated with industrial pollutants, including halogenated
contaminants, pesticides and hydrocarbon residues, which are velgitstable (or with relatively
long halvelife times) in the suksurface environment. This groundwater section is located in the
most upper part of the Bessor basin endangering the dstveam streams as well as local and
regional groundwater resources tife southern coastal aquifer of Israel and of Palestine Authority
(WP2,Figure2). Of particular concern is the potential of contaminants seeping from the shallow
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elevated groundwater through the riparian zone ttte Secher wash that accumulate hazardous
dissolvable salts along the stream beds to be later rapidly transported downstream in the event of
floods.
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Figure2: Overview of case studies and river basins studied in the AQUAREHABcprfull circle: river basins
selected for first phase of the AQUAREHAB; dashed circles: potential river basins for second phase of AQUAREHAB)

Scheldt river basiriBelgium). The transboundary Scheldt extends from northern France, across
Belgium to thesouthern NetherlandsHigure2). It is one of the most polluted water systems in
Europe, due to pressures from a high population density, and intensive industrial and agricultural
activities. Crucial final recept® that are threatened include surface waters (high COD, low
oxygen, little fish) and the ground water drinking reserves. Within the Scheldt river basin, the
downstream estuary of the Dender into the Scheldt river is considered. Especially (1) the Zenne
river, which up until 3 years served as the open sewage system for the domestic wastewater of
Brussels, and which is in addition under pressure from industrial point sources and groundwater
pollution (WP3); and (2) the Antwerp region where the groundwaetegraded due to industrial

and urban activities, hereby threatening surface water and drinking water reserves in the
subsurface (groundwater) (WP4&5).

In a second stage (Yeat5y the generic approachesnd tools developed werextrapolated to
other locations to evaluate the generic character.
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The project concept is visualized kiigure3. The basic idea is that multiple pollution sources
(diffuse and point source) exist which result each in a flux (Mpb@ifants towards receptors. As

such the receptors receive degraded water, being the sum of different fluxes
bambaHbaobanbX0®d ¢CKS FTAY 2F NBKFoATAGIGAZY
acceptable level, which is function of the vulnerability of the area, ecotoxicological
characteristics of the pollution and soeé@onomical aspectsThe aim was to evaluate whether

the whole water system, including surface water as well as groundweser,be managed by a
generic river basin management toolathintegrates the investigated rehabilitation technologies

with ecological and economic impact assessments of the whole water system.

Case2: Tailored
carrier/bacteria for traetment
Pesticide -containing mixed

pollution (Israel)

Case 5: Injectable reactive
Fe)based materials
CAH-containing (mixed)
plume (Belgium)

Case 3: Reactive
capping of
sediments
CAH-containing
pollution (Belgium)

Case 1:Rehabilitation
technology for Activated
riparion zones (Denmark)

Pestides/nitrate

Case 4: Combination of biotic
and abiotic processe in a PRB
(MULTIBARRIER)
CAH-containing mixed pollution

Figure3Y { OKSYLI GA O 20SNBASE 2F RAFFSNBY G Liafitf sthiiid ofairivef t dzE S &
basin part. The different innovative rehabilitation technologies that are considered in the project are indicated.

The project aimed to be aaid in underpinning river basin management plans being developed in
EU Member States, dnto demonstrate coseffective technologies that can provide technical
options for national and local water managers, planners and other stakeholders (drinking water
companies, industry, agriculture, recreation and nature conservation) to revive highiyteab
areas.

Theobjectives of AQUAREHAR:re:

1. To develop within the first 3 years of the project a variety of innovative rehabilitation
technologies for representative types of pollution (source zones, contamination plumes,
diffuse pollution) and compunds that are of concern in degraded water bodies (e.g.
pesticides, nitrate, Chlorinated Aliphatic Hydrocarbons, BTEX). The innovative tatiaili
technologies that werstudied in the project are:

x Activated riparian zones/wé&nds (diffuse pollutiorgnitrate & pesticidey (WP1)
x Bioremediationof pesticidecontaining degraded water in open trenches with smart
biomass containing materials (WP2);

AQUAREHABGA22656%, Final report 7



x Bioreactive zones in aquifer and sediments (capping) to rehabilitate surface water
degraded by influx of phltants from the groundwate(chlorinated ethenegWP3);

x Multifunctional permeable barriers (multibarriers) for mixed groundater
contamination plumes (WP4and,

x In-situ reduction or oxidation of hazardous pollutants in groundwater/aquifer with
injectableFebased particlegchlorinated compounds & BTHEW)P5).

2. To develop methods (feasibility tests), tools (numerical models) and guidelines to design the
mentioned rehabilitation technologies and to determine their (lelegm) impact on local
fluxes of polltants (WP15, 7).

3.¢2 RS@St2L) I O2ftfl 02N ®wRS (XKIyil DI WS yolS (d2a2SR
decision makers and water managers to evaluate the ecological and economical effects of
different remedial actions on river basins (WP6).

4. Developmentof an approach to link the effects of the rehabilitation technologies with a river
basin management tool REAER (WP7).

5. To evaluate and disseminatén the second part of the projecthe generic rehabilitation
guidelines, approaches and tools by applyihgm to other river basins with other fiatant
conditions, climates, etén collaboration with eneusers (WP8).

The relation between the different wonackages (WP) are schematically representdeiguire4.

END-USERSGROUP

i i

Agricultural practices REHABILITATION TECHNOLOGIES Industrial/urban activities RIVER BASIN
< MANAGEMENT
WP1: WP2: WP3: WP4: WP5: WP6:
Diffuse Rehabilitation Rehabilitation Multibarrier Rehabilitation Integration of
pollution in of areas with of surface technology for of re_med'|al
agricultural pesticides- water by mixed groundwater actionsinto
areas containing reducing groundwater with injectable river basin
(riparion zones mixed pollutant pollution reactive Fe- management
& wetland) <{-t» pollution. «f-4» influx <}-> <|--1»  based
materials
Odense river basin Secher-Besor river Scheldt river basin Scheldt river basin Scheldt river basin
Denmark basin - Israel Zenne - Belgium Antwerp - Belgium Belgium
s 4 4 4 4 4
v v v v v v
WP7: Model connection between technologies and river basin management.

WP8: Transfer of rehabilitation technologies and generic approaches to other river
> basins and other climates. M

WP9: Coordination & dissemination

Figure4: Schematic overview of the links between thdifferent work packages defined within AQUAREHAB.
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3 A DESCRIPTION OF THE MAIN S&T RESULTS/FOREGROUNDS

3.1 ACTIVATED RIPARIAN ZONES/WETLANDS (DIFFUSE POLLUTION T NITRATES &
PESTICIDES) (WP1)

The installation of wetlands in riparian zones is considered as a very promising approach for
mitigating the diffuse pollution of agricultural pollutants. In this parttieé AQUAREHAB project,

we studied and quantifiechow wetland zones mitafe pesticids and nitrates diffuse pollution

into surface water and how thisould be activated andptimized The processes contributing to
nitrates and pesticide removal in wetlandsvere studied at the field and at ladyatory scale and

the collected data were subsequentlyused for modelling the fate of nitrateand pesticides in
wetland riparian zonesln total, four wetland field sites were studiedwo wetland field sites
within the Odense River Basin District (Denmark) were equipped for fielitoning: (1) the

G. NEYSYI RS¢ arAiGSzISadal of AYRKRSR @SFi Il yRSt fl,L AR OH
freshly restored wetlandA controlled flooding basin (Bernissem, Belgium) was studied in terms of
aerobic pesticide mineralization capacity at thsedimentsurface water interface. Finally,
denitrification activity was studied with soil from a fourth sitePhragmites wetland in the Sebes
Natural Reservation of Flix, (Tagona, NE Spain).

3.1.1 nitrate- and pesticide-removal in field wetland systems

Characterisation of the wetland sitesTwo wetland field sites have been selected. The
G. NBEYSYIl RS¢ &aAGS3I -established wetkriklSHas b2eh laigely @tthfadterized
NBE3IINRAYy3I 3IS2f23ex 3IS20KSYAaldNR | feshly SaedIK & & A
wetland. Both wetlands were equippefbr field monitoring(Figure5). Instrumentation consisted

of a piezometer network along several transects in the wetland in order to monitor groundwater
hydrological and cheistry parameters. Moreover, the sites were characterized in terms of
geology by means of hand drilling, surface geophysics ({Hldtitrode Profiling (MEP)) and
borehole loggingSeveramonitoring campaigns were performed at the two wetland field sites in
order to developtheir respective hydrogeological models and to acquire information about the
groundwater chemistry. Based on these measurememtshydrogeological model of the
Brynemade wetland site was proposed. The groundwater chemistry shalyeldgexistence of a
stable nitrates plume at upstream locations near the agricultural field and of an aerobic
denitrification-iron oxidation zonation as the ground water flows to the river, a2)dtlje absence

of detectable pesticide concentrations. In contraghe redox zonation at Skallebanke was very
heterogenous with patches of oxygenated water with high nitsat®ncentrations along the
transects. Also at Skallebanke, no pesticides were detected in the groundw#tgmation was
obtained on pesticide bidegradation capacity and denitrification capacitia laloratory scale
degradation testsRegarding pesticide mineralization, MCPA was mineralized aerobically by all top
soil samples {@m), and to a variable degree in deeper samples and peat samplesrobically,
MCPA was only mineralized in samples from the agricultural fiekl ® with nitrates as the
electron acceptor. No MCPA mineralization occurred with iron as the electron acceptor.
Bromoxynil was aerobically mineralized by all top soil sam{ildsn) and, more slowly, in peat
samples. Bromoxynil was not mineralizadallin deeper samples. Anaerobically, bromoxynil was
only mineralized by samples from a depth a in at the edge of the wetland, and only with iron.
Isoproturon showed only aerab mineralization by surface samplegepth 0-10 cm) taken from
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the agricultural field. Batch denitrification tests with peat soil suggested that the available carbon
and microbial activity in the study area are sufficient for nitsatemoval.

‘BRYNEMADE

51 Wells instaljgditanging from:1.3 - 17 meters depthi
Water sampling: April 2010°and October 2010

SKALLEBANKE - MEE’.

MEPS2

/,
¥/ Meps3 MEPS1

a. By RS¢ aAadas a{1lrttSoly(S¢
Figure5: Wetland field selected as study area within AQUAREHAB.

Site conceptual modelBased on all measurements, a hydrogeological model of the Brynemade
wetland site could be proposedrigure6). The wetland hydrogeology can be characterized by a
three-layer system, i.e. an upper2 m thick peat layer followed by an approximateht® m thick
heterogeneous sand aquifer, and a lower more silty/clayey layer with an unktiwskness. The
thickness of the peat layer was identified by the hairdlings when meeting more sandy/gravelly
sediments. In the soutleastern section the MEP image suggests such a transition to a more
sandygravelly layer but does not show the preserafethe lowresistive peat layer. However, in
the north-western part (near the stream) the existence of an upper thin layer with low resistivity is
visible in the MEP image, but not the presence of a more sandy/gravelly layer below.

2x vertical i B11 Pi group 0 standpipe - K, [miday] BP Geological drilling == Groundwater pressure level - (wet and dry)
NW {  Piezometer screen (slug test - Ky [miday]) @ Double ring infiltration [miday] GP Geological hand augering = Stream stage - (wet and dry) SE
INB1 -0.01
INB2 -0
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Figure6. Hydrogeological model of the Brynemade wetland site. The main profile 03) 2x vertical exaggeration
is shown. The profile shows inversion results on two performed MEP profiles with electrode spacing of 3 m,
resistivity values are in ohnmeters. Two deep geological wells with geology based on sample description for every
meter (BP). Color scheme indicate apparent colo and assumed hydraulic conductivity (Highendlue with
lighter color). Installed piezometers in groups ofdlwith slug test results shown in brackets. Ressitif top soil
mapping (peat) with Eijkelkamp hand auger equipment (GP). Double ring infiltrometer tests (INB) and standpipe
measurement (KzB). Groundwater pressure levels (dashed line) and stream stages (solidring)own for the wet
period 17 January 2011 (blue) and for the dry period 10 May 2011 (red).
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The FeFlow pesticide transport model was implemented for predicting the fate of pesticides at the
Brynemade site and using data from literature to feed the modiee model clearly demonstrates

the effects of different fluxes (ground water discharge, infiltrating rainwater, floods from the river,
and vertical leakage) on the transport of pesticides at the site. Feflow was also used to describe
the nitrates reactive i NI ya L2 NI 4 GKS a. NBYySYIRS¢ &aAidSs
denitrification rates. The model was calibrated to the groundwater nisatencentrations
observed in the field. The model shows that the nitispdume moves through the aerobic zone

and that high denitrification rates in the anaerobic zoeasure rapid nitrateremoval. The model

can helpto understand the fate of pesticidghat end up in a wetlandlue toerosion, drainage or
run-off.

Ecological statusFourecological surveys of ¢hstudy area have takengde and all confirmed the
good ecological status.

3.1.2 Pesticides removal in laboratory wetland microcosms

Soil samples from the upper 10 cm of wetland sites in Brynemade (Odense, Denmark) and
Bernissem (Siatruiden, Belgium) weresed to investigate the mineralization of MCPA and IPU
under flooded conditions.Laloratory microcosm experiments showed the capacity to
degrade/mineralize the pesticides isoproturon (IPU) and MCPA in the above surface compartment
of a wetland(Figure7). Based on the observed mineralization kinetics, the development of a
conceptual model that describes the reactive transport of pesticides in the stagmaasabove

the surface layers of a wetland was initiated. The model can bslpo understand the fate of
pesticidesthat end up in a wetlandlue to erosion, drainage or ruoff. Furthermore, indications

for the effects of seasonal disturbances on pestisidéegradation were obtained but the
experimental design needs to be impravéo discriminate betweerthe mineralization of the
actual pesticide and of biomass which has assimilated the pesticide. On the other hand, a survey
of the IPU and MCPA mineralization capacity of a wetl@ainissem, Belgiungt different time

points overaperiod oftwo-years (201X, 2013)did not give indications for seasonal changes.
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Figure7. Cumulative mineralization of MCPA (left) and IPU (right) as a responsatiorhatory controlled
disturbances. Disturbances (freezing and drying) are indicated by the vertical arrows. At the moments of spiking the
microcosms with‘Gherbicides, the cumulative mineralization curves were set to zero. The data shown are average

from triplicate microcosms. Setups: dryind®), freezing ) and control (), with the error bars indicating the
standard deviation.
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3.1.3 Nitrates removal in laboratory wetland microcosms

This task focused on the study of the role of soluble organic maitesent in several wetland
soils fordenitrification activity Surperficial soils were sampled from Brynemade (October 2009)
and froma Phragmiteswetland in the Sebes Natural Regation of Flix, (Taagona, NE Spain)
(April 2010 and 2011Batch denitrification tests were performed ing leaching solutions of the
soils(Figure8). Reslts showed similar trenslwith the elimination of more than 90% after Gays

of spiking
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Figure8. Denitrification batch tests with superficial soil from Brynemade (left) and Flix (right) showing the evolution
of nitrate spiked in a stirred mixture of soil and water. Dead control are indicatedusing squaresu)

Next a continuous wetland microcosm experimentith a nitrates solution was run continuously

in a sand bed that has the Flix peat soil in the upper part irrigated with wRtesultgevealeda
correlation between the removal of nitrateand the Dissolved Organic Carbon (DOC) at the exit of
the setup, showing a correlation of DOC from the soil and denitrificafoom the experience
accumulated within the AQUAREHAB project, in order to allow denitroitgtrocessesthe
activation of Riparian Zones needs the combination of soil layers with the following properties:

1 High content and high quality of Dissolved Organic Carbon (DOC) as shown in soil leaching
tests. The quality of DOC is linked to the seaswhiafluences the fraction of the DOC that
is used as electron donor in the denitrification processes.

9 Soils rich in organic matter and microorganisms, as often the case in wetlands soils, are a
good starting point as thegan supply sufficient DOC foreditrification and allow aerobic
microorganisms to consume available oxygen and create anoxic zones.

1 A capacity of denitrification as shown in batch denitrification experiments that is related to
the presence of DOC of sufficient quality and denitrifyimigroorganisms.

1 A low vertical hydraulic conductivity in the vadose soil zone in order to increase the contact
time between the infiltration water and the zone rich in prop#gachable & bioavailable)
DOC in order to obtain high levels of DOC in the waéering the aquifer.

1 Avoid local mechanisms of soil aeration. If dissolved oxygen is sufficient (ca >0.5 mg/l)
denitrification is inhibited.

1 Low content of ammonium in soil leaching. Denitrification approach will not eliminate its
concentration and coulthcrease water toxicity

If these properties are met (as in the Brynemade site and partially in the Flix soils) or are activated
in riparian zones, denitrification kinetics will be a wefast reaction considering the
hydrogeological residence times, anditrates and nitrites will be eliminated from the
groundwater.
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3.2 BIOREMEDIATION OF PESTICIDE-CONTAINING DEGRADED WATER IN OPEN
TRENCHES WITH SMART BIOMASS CONTAINING MATERIALS (WP2)

The overall objective of thigart of AQUAREHAMRas to develop a senpassive rehabilitation
technology to cope with aqueous pesticide pollution. The basic idea of the rehabilitation
technology is to treat the pollutants in opeair trenches that drain contaminated groundwater
from the riparian zone and that contain tailored teaals as support for microbialiofiimsthat
degrade the pesticides in the contaminated drainage wétggure9).

griginal water t=ble .
Fine granel

Briy

-y

Wiater Table Wister Table

Figure9: Crosssection of a drain with coarse carrier
material, on which pollutantdegrading bacteria can
form a biofilm that will degrade pollutants

Coarse grave (pesticides) in the passing groundwater.

3.2.1 Selection of bacteria-carrier combinations

Different bacterial strainsvere testedfor their interactions with both artifi@l and natural carrier
materiak. Among the strains tested were tliRseudomonasp. strain ADP that degrades atrazine,
Variovoraxsp. SRS16 thategrades linuron, Chelatobacter heintzii SR38 that degrades atrazine,
Aminobacter sp. MSH1 that degrades BAhiBgomonas sp. KN65.2 that degrades carbofuran
and Rhodococcus sp. KS1 that degrades metamitron. An atreamehment culture and
carbofurandegrading consortia were also isolated from the field test site in Israel and evaluated.
Carrier materials tasd were: white chalk (WC), gy chalk (GR), gravel (GR), sand (SA), activated
carbon (AC), biosep beads (synthetic), XAIP (synthetic), XAD (synthetic), IRGO (synthetic),

and synthetic material based on calcite and activated carbon. All of thedestgerial enabled

the formation of a microbial biofilm, regardless of the speciicface area or hydrophobicity of

the carriers. White chalk (WC),eyrchalk (GR), gravel (GR), sand (SA), and activated carbon (AC),
immersed in the contaminated groundwext each attracted different native microorganisms
forming significantbiofiims The composition of the attached populations on these materials
appeared to be related to the carrier properties

Although the attached biomass was active in mineralizing sropinpounds, such as benzoic acid,
the activity of these bacteria towards the different pesticides was very slow, with the exception of
bacteria grown on sand and atrazirfeidurel0). The biodegradation of the different pesticislédy
carrier bacteria combinations was extremely dependent on the strength at which the organic
pollutants were sorbed onto the carrier. For example, the mineralization HiIGBAM by
Aminobactersp. MSH1, in the presence of different carriers, showed ithags able tamineralize

50% of the added compound in the presence of the XAD 7HP carrier and was not able to
mineralize the compound when activated carbon was used as a carrier. These observations
suggest that the dynamic forptiorydesorptionfrom the carrier is the most important factor
allowing degradation.Promising bacterizarrier combinatios that were identified comprise
gravel and the resin XAZHP.
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Figurel0: Mineralization of benzoic acidrad selected pesticides by carrier incubated within the draingdsitu
water.

Sand column experiments were sgb with different carrier materialsThe resultsgggested that

if organisms are very robustoncerning carbon source concentration changes, calumns
perform well and XAGHP is not necessarily needed (e.g., in the cadmfon degradation by
VariovoraxSRS16). However, the presence of the resin has a positive effect in cases where the
strains are less robust. In these cases, the resireeiftts as a buffer to absorb pesticides, when
the organisms are not yet reactivated, or provides a continuous flow of pesticides during the
period of pesticids absence in the inflow medium, thus maintaining the degradation activity. The
latter effect wasobserved with the straindsminobacterMSH1 andSphingomona&N65.2 after

the medium had been left without the respective pesticder a longer period of time. Switching
back to the medium with the pesticideevealed that the columns with a XAMHP / sad ratio of

1:500 showed the most stable pesticidegrading performanceThe column experiment with a
gravel carrier and natural bacteria from the test site with artificial groundwater, amended with a
mixture of pesticides and background compounds, suggefkR G KI G GKS aAdSQa
population is not able to degrade the target pesticides but is able to degrade background
contaminants.This led to the enrichment @trazineand carbofuranrdegrading consortia from the

site water. Additionally, the lality of pure cultures to degrade pesticides at the site water high
salinities and in the filtered site water was evaluated; carbofuran degradation by indigenous
bacteria was efficient in thpresenceof the gravel as a carrier. Atrazine mineralizatioowbver,

was dependent on the availability of sand as a carrier and an additional carbon source. From the
tested pure culturesSphingomonassp. KN65.2 that degraded carbofuran was active at high
salinities, as well as ithe actualgroundwater Figurell). Importantly, we noted that abiotic
reactions also took place. THeseudomonasp. strain ADP that degraded atrazine was adapted
only for high salinities in a defined medium.
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Figure 11: Biodegradation of
carbofuran by Sphingomonas sy
KN65.2 with gravel as a carrie
and with water from the site.
The initial increase in
concentrations is due to our
inability to separate between
carbofuran and degradation
products.
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3.2.2 Pilot test in the field

A pilot field system that simulates flow conditions within the drainage channels was built in order

to evaluate the introduction of bacteria/carrier combinations. The pilot system contains three

columns filled with clean gravel, as well as with @minated gravel from different sections of the
aridsSqQa RNJ A
system Figure
12).

Figurel2: Scheme
of the pilot system
with the addition
of the peristaltic
pump and
carbofuran
container.

In the field experiments, with gravgacked columns, thearbofurandegradation by the native
bacteria was affected by environmental factors, such as temperature and dissolved oxygen. In the
pilot system, the influent DO was initially relatively low (~0.8 hgfid decreased in the effluents

to less than 0. 5 mg/L. Temperature was as high as°37 tGe summer and decreased to below

10 C in the winter. Initially, some degradation of carbofuran was observed in the sy&4ém

50%) but the levels diminished wittime till below 10%IntroducingSphingomonasp. KN65.2 to

the column resulted in a transient improvement in degradatiemtii max 25% Attempts to
oxygenate the water passing through the column failed because of clogging due to iron minerals
within the contaminated water.
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